O-glycosylation of proteins occurs most frequently at serine and threonine residues but also on tyrosine, hydroxylysine (HyL), and hydroxyproline (HyP). Nine different types of O-glycosylation are found on proteins trafficking the secretory pathway in vertebrates, with most conserved in metazoans. O-Man is conserved in fungi and found in prokaryotes but not plants. Plants have three unique types of O-glycosylation. In addition to O-GlcNAcylation, plants and Toxoplasma can perform cystosolic O-Fucosylation.
In the nucleocytosol, a common type of O-GlcNAcylation occurs, and this is found in all eukaryotic cells except yeast that use O-Man instead. O-GlcNAcylation is not elongated and is also found in some prokaryotes.
In eukaryotes, most types of O-glycosylation are initiated in the endoplasmic reticulum (ER), except for O-GalNAc and O-Xyl (proteoglycan) glycosylation, which are initiated in the Golgi. In eukaryotes, all types of O-glycosylation are initiated by distinct polypeptide glycosyltransferases, and most glycans are further elongated/branched and capped in the Golgi by sequential addition of monosaccharides directed by distinct and/or common enzymes.
Complexity of glycans is found at the extremes of the taxonomic spectrum from lower to higher organisms. Prokaryotes harbor the most exotic types of O-glycosylation and use a greater diversity of donor sugar-nucleotides compared to eukaryotes, and they are further unique in using en bloc transfer of oligosaccharides from lipid-linked sugars by oligosaccharyltransferases (OSTs). In eukaryotes, an OST is used for initiation of N-glycosylation.
Vertebrates: Diverse and Highly Processed O-Glycans
Vertebrate O-glycosylation follows distinct pathways to produce diverse structures with a high degree of fidelity, but there are common chain elongation and capping for some pathways. 
Nematodes: Lower Complexity and Diversity of O-Glycans
Most types of O-glycosylation are conserved, but the classical O-Man type directed by the POMT homologous genes and O-Glc are missing. In addition, the chondroitin glycosaminoglycan is not sulfated, and only chondroitin and heparin sulfate are produced. In much the same fashion as Drosophila, O-GalNAc glycans can be elongated and capped by combinations of GalNAc, Gal, Glc, GlcNAc, Fuc, and GlcA.
Fungi: No Diversity and Two Cytosolic Types
Only O-Man glycosylation is found in the secretory pathway directed by six to seven PMTs homologous to the two POMTs in higher eukaryotes. O-Man glycans are elaborated mannan structures, and in some fungi, Gal and Xyl residues are also found.
Most strikingly, fungi except yeast have the cytosolic O-GlcNAc glycosylation directed by the OGT enzyme, and yeast instead uses O-Man directed by an unidentified gene.
Plants: Unique O-Glycosylation
There are no evolutionary conserved types of O-glycosylation in the secretory pathway, and the main type is the extended HyP type initiated by Gal and/or Arabinose. Ser residues adjacent to HyP glycosites may also be O-Gal glycosylated. HyP O-glycans are further elaborated with complex poly-Arabinose or branched Gal chains. Uniquely, two OGT-related genes direct cytosolic O-GlcNAcylation and O-Fucosylation.
Prokaryotes: Extremely Diverse En Bloc and Sequential O-Glycosylation
There are two main pathways for protein glycosylation in prokaryotes: an en bloc OST-dependent pathway and an OST-independent, sequential pathway. Sequential glycosylation occurs in the cytosol and directly glycosylates proteins, further elongating glycans in situ on the target proteins that then move to target regions. The OST-dependent pathway results in the block transfer of complete glycan chains onto the target proteins. Both the en bloc and sequential pathways make use of a wide variety of monosaccharide donors, resulting in a very diverse glycosylation profile across the kingdom. Intriguingly, the OST-dependent, en bloc pathway functions similarly to the O-Man pathways found in eukaryotes, where the glycan is preassembled on an undecaprenyl lipid carrier. The identification and functional characterization of PMT and OGT orthologs in bacteria, as well as the identification of putative TMTC orthologs in bacteria, suggests that these glycosylation systems are ancient.
